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COMMUNICATION SYSTEM AND METHOD FOR 
COMMUNICATING BETWEEN A TIRE/WHEEL 

ASSEMBLY AND A VEHICLE BODY 

INCORPORATION BY REFERENCE 

[0001] The disclosure of Japanese Patent Application Nos. 
2003-160241 ?led on Jun. 5, 2003 and 2003-160242 ?led on 
Jun. 5, 2003, including the speci?cations, drawings and 
abstracts are incorporated herein by reference in their 
entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The invention generally relates to a technology for 
communicating betWeen a tire/Wheel assembly and a body 
of a vehicle. More speci?cally, the invention relates to a 
technology for communicating betWeen a Wheel-side com 
munication device mounted on a tire/Wheel assembly and a 
body-side communication device mounted on a vehicle 
body. 
[0004] 2. Description of the Related Art 

[0005] Systems are knoWn that establish communication 
betWeen a tire/Wheel assembly (hereinafter simply referred 
to as “Wheel”) and a body of a vehicle. One such knoWn 
system performs communication betWeen a Wheel and a 
vehicle body using a Wheel-side communication device 
mounted on a Wheel so that it rotates together With the 
Wheel, and a body-side communication device mounted in a 
?xed position on the vehicle body. 

[0006] For example, the system disclosed in JP(A) 
10-309914 includes transmitting means mounted to a Wheel 
and receiving means mounted to a vehicle body. The trans 
mitting means detects a tire air pressure of the Wheel and 
transmits a signal indicative thereof, While the receiving 
means receives the signal sent from the transmitting means 
and obtains the tire air pressure. 

[0007] This system also includes a Wheel speed sensor 
mounted on the Wheel and determining means mounted on 
the vehicle body. The Wheel speed sensor is ?Xed in a 
position near a rotating body, Which rotates together With the 
Wheel, and detects the Wheel speed. The determining means 
receives a signal from the Wheel speed sensor and deter 
mines the tire air pressure state of the Wheel based on that 
signal. 
[0008] The system further includes a signal Wire on the 
vehicle body, Which electronically connects the Wheel speed 
sensor and the determining means together. The signal Wire 
in this system functions as an antenna so that the receiving 
means can receive the signal sent by the transmitting means. 
This kind of communication system is also disclosed in 
JP(A) 11-20427. 

[0009] With these kinds of technology, the Wheel-side 
communication device is typically mounted in a ?Xed posi 
tion on the Wheel. As a result, the position of the Wheel-side 
communication device changes as the Wheel rotates With 
respect to the body-side communication device. This change 
in the relative positional relationship betWeen the Wheel-side 
communication device and the body-side communication 
device affects the state of communication betWeen the 
communication devices. 
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[0010] Ideally, a good communication state betWeen the 
Wheel-side communication device and the body-side com 
munication device should be maintained, regardless of the 
rotational position of the Wheel, i.e., the Wheel-side com 
munication device. In reality, hoWever, the communication 
state betWeen the communication devices changes as the 
relative position betWeen the communication devices 
changes, as described above. 

[0011] There are several reasons for this change in the 
communication state. For eXample, one reason is that the 
radio Wave transmission path betWeen the communication 
devices deteriorates as the relative position betWeen them 
changes due to the fact that the antenna of the communica 
tion device is a directional antenna. Another reason is that 
the distance betWeen the tWo communication devices 
changes as the relative position betWeen the communication 
devices changes. Still another reason is that certain elements 
of the vehicle temporarily come betWeen the communication 
devices, at Which time these elements act as radio Wave 
interfering objects. 
[0012] When the communication state betWeen the com 
munication devices changes, the receiving voltage of the 
communication device may drop beloW the loWest voltage at 
Which reception is possible during one rotation of the Wheel, 
as shoWn in the graph in FIG. 15 for eXample. As a result, 
there may be a region Where communication is poor. 

SUMMARY OF THE INVENTION 

[0013] In vieW of the foregoing problems, it is an object of 
this invention to provide a technology for establishing 
Wireless communication betWeen a Wheel-side communica 
tion device and a body-side communication device in a 
vehicle, Which inhibits deterioration of the communication 
state due to a change in the relative position betWeen a 
Wheel-side communication device that rotates together With 
a Wheel, and a body-side communication device. 

[0014] Accordingly, a ?rst aspect of the invention relates 
to a communication system for communicating betWeen a 
tire/Wheel assembly (hereinafter simply referred to as 
“Wheel”) and a vehicle body, Which is provided With a 
Wheel-side communication device mounted to the Wheel and 
Which rotates together With the Wheel, and a body-side 
communication device mounted in a ?Xed position to the 
vehicle body. Communication takes place betWeen the 
Wheel-side communication device and the body-side com 
munication device according to the rotational position of the 
Wheel. 

[0015] As described above, the reception When one of the 
Wheel-side communication device and the body-side com 
munication device receives a signal from the other changes 
cyclically as the Wheel rotates. There is a pattern betWeen the 
change in that reception and the change in the rotational 
position of the Wheel, in Which the reception improves When 
the actual rotational position of the Wheel matches a speci?c 
rotational position. Accordingly, With this system it is pos 
sible to selectively perform communication betWeen the 
Wheel-side communication device and the body-side com 
munication device at a rotational position of a Wheel, from 
among a plurality of rotational positions of the Wheel, With 
the exception of a rotational position Where the communi 
cation state betWeen the communication devices may be 
poor. 
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[0016] The communication system of the ?rst aspect of the 
invention may also be provided With i) a rotational position 
detecting device that detects a rotational position of the 
tire/Wheel assembly, and ii) a transmission timing determin 
ing device that determines a communication timing based on 
the relationship betWeen the rotational position of the Wheel 
detected by the rotational position detecting device and a 
received signal level, Which is the level of a signal received 
from one of the body-side communication device and the 
Wheel-side communication device by the other. 

[0017] Further, the body-side transmission timing deter 
mining device may also have a level obtaining portion that 
obtains a received signal level for each one of a plurality of 
rotational positions detected by the rotational position 
detecting device. The body-side transmission timing deter 
mining device may also determine the body-side transmis 
sion timing (or the Wheel-side transmission timing) based on 
a distribution of the plurality of received signal levels, each 
of Which is obtained for a corresponding rotational position. 

[0018] Moreover, the level obtaining portion may also 
obtain a received signal level for the rotational position 
When at least one of i) a rotational speed of the Wheel is 
equal to, or less than, a reference value, and ii) the rotational 
speed of the Wheel is maintained constant. 

[0019] The body-side communication device transmits a 
signal from a ?xed position While the Wheel-side commu 
nication device receives the signal While rotating together 
With the Wheel. Therefore, When the rotation speed of the 
Wheel is extremely fast such that the time during Which the 
Wheel remains in the same rotational position is very short 
during communication betWeen the body-side communica 
tion device and the Wheel-side communication device in 
order to determine the relationship betWeen the rotational 
position of the Wheel and the received signal level, the 
portion of time series data indicative of the received signal 
level that correctly re?ects the true received signal level of 
one rotational position of the Wheel is extremely small. This 
reduces the accuracy With Which the received signal level is 
obtained. 

[0020] Also, during communication betWeen the body 
side communication device and the Wheel-side communica 
tion device in order to determine the relationship betWeen 
the rotational position of the Wheel and the received signal 
level, the accuracy With Which the obtained value of the 
received signal level re?ects the true value is more stable 
When the rotational speed of the Wheel is maintained con 
stant than When it ?uctuates. 

[0021] Based on this knoWledge, the level obtaining por 
tion obtains the received signal level for the rotational 
position When at least one of i) a rotational speed of the 
Wheel is equal to, or less than, a reference value, and ii) the 
rotational speed of the Wheel is maintained constant. 

[0022] Further, the body-side transmission timing deter 
mining device in the ?rst aspect of the invention may also 
include i) a position determining portion that determines, as 
the optimum receiving position for the Wheel-side commu 
nication device, the rotational position for Which the sub 
stantially highest value Was obtained from among the plu 
rality of received signal levels obtained for each of rotational 
position, and ii) a timing determining portion that deter 
mines the body-side transmission timing to be a timing at 
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Which the Wheel-side communication device receives a 
signal from the body-side communication device When the 
actual rotational position of the Wheel substantially matches 
the determined optimum receiving position. 

[0023] Accordingly, it is possible to determine the opti 
mum receiving position at Which the Wheel-side communi 
cation device receives the signal from the body-side com 
munication device With substantially the best reception. 
Moreover, it is also possible to determine the body-side 
transmission timing to be a timing at Which the Wheel-side 
communication device receives the signal from the body 
side communication device When the actual rotational posi 
tion of the Wheel substantially matches the determined 
optimum receiving position. 
[0024] As a result, this communication system can prop 
erly set the body-side transmission timing to be a timing at 
Which the Wheel-side communication device receives the 
signal from the body-side communication device under 
substantially the best conditions. 

[0025] When it is necessary to start transmitting to the 
.body-side communication device, the start transmission 
command is issued. Accordingly, the body-side transmission 
timing may also be the timing at Which a command to start 
transmitting to the body-side communication device is 
issued (hereinafter this command is referred to as a “start 
transmission command”). 

[0026] The timing determining portion may also deter 
mine the body-side transmission timing based on at least one 
of i) the rotational speed of the Wheel and ii) a transmission 
response time, Which is the period of time from When the 
start transmission command is issued until the body-side 
communication device outputs the actual signal in response 
to that command. 

[0027] The body-side communication device outputs a 
signal in response to the start transmission command being 
issued. Due to signal processing, there may be a delay before 
this signal is output after the start transmission command is 
issued, i.e., the signal may not be output immediately after 
the start transmission command is issued. 

[0028] In this case, regardless of this response delay, if the 
start transmission command is issued at the exact time When 
the actual rotational position matches the optimum receiving 
position, the actual position of the Wheel Will no longer 
match the optimum receiving position by the time the signal 
that Was actually output from the body-side communication 
device ?nally reaches the Wheel-side communication device. 

[0029] In this Way, the actual rotational position of the 
Wheel When the signal that Was actually output from the 
body-side communication device reaches the Wheel-side 
communication device (hereinafter referred to as “receiving 
time rotational position”) is affected by the response delay of 
the body-side communication device. 

[0030] Further, the amount that the receiving time rota 
tional position is off With respect to the optimum receiving 
position depends on the rotation speed of the Wheel. 

[0031] Based on this knoWledge, the body-side transmis 
sion timing, i.e., the timing at Which the start transmission 
command is to be issued, may also be determined based on 
at least one of i) the rotational speed of the Wheel and ii) the 
transmission response time, Which is the period of time from 
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When the start transmission command is issued until the 
body-side communication device outputs the actual signal in 
response to that command. 

[0032] Therefore, it is possible to have the body-side 
communication device actually start transmitting at the 
proper time regardless of Whether there is a response delay 
in the transmission. 

[0033] Further, the communication system in the ?rst 
aspect of the invention may also have a Wheel-side trans 
mission timing determining device Which determines, based 
on the actual reception timing at Which the Wheel-side 
communication device actually received a signal that Was 
transmitted by the body-side communication device at the 
body-side transmission timing, a Wheel-side transmission 
timing at Which the Wheel-side communication device is to 
transmit a signal to the body-side communication device in 
response to that signal received from the body-side com 
munication device. 

[0034] In this aspect of the invention, the Wheel-side 
transmission timing at Which the Wheel-side communication 
device is to send the signal to the body-side communication 
device is determined using the actual reception timing at 
Which the signal transmitted by the body-side communica 
tion device at the body-side transmission timing Was actu 
ally received by the Wheel-side communication device. 

[0035] Accordingly, the communication system makes it 
easy to determine the Wheel-side transmission timing While 
taking into account its temporal relative relationship With the 
actual reception timing. 

[0036] Moreover, the Wheel-side transmission timing may 
be the timing at Which the start transmission command to 
start transmitting to the Wheel-side communication device is 
issued. Also, the Wheel-side transmission timing determin 
ing device may include a timing determining portion Which 
determines the Wheel-side transmission timing based on i) a 
period of time during Which the actual rotational position of 
the Wheel last matched the optimum receiving position, ii) a 
period of time that it takes for the Wheel to rotate once, and 
iii) a transmission response time, Which is the period of time 
from When the start transmission command is issued until 
the Wheel-side communication device actually starts to 
output the signal in response to the start transmission 
command. 

[0037] By identifying the period of time during Which the 
actual rotational position of the Wheel last matched the 
optimum receiving position and the time that it takes for the 
Wheel to rotate once, it is possible to calculate the period 
during Which the actual rotational position of the Wheel Will 
neXt match the optimum transmitting position (referred to as 
the optimum transmitting position because, although this is 
the same phase as the optimum receiving position, the 
Wheel-side communication device transmits, instead of 
receives, at this position). 

[0038] Further, by identifying betWeen this period and the 
transmission response time, Which is the period of time from 
When the start transmission command is issued until the 
Wheel-side communication device actually outputs the sig 
nal in response to the start transmission command, it is 
possible to calculate the Wheel-side transmission timing, i.e., 
the timing at Which the start transmission command should 
be issued. 
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[0039] Also in the ?rst aspect of the invention, the Wheel 
side transmission timing determining device may be 
mounted to the vehicle body. Further, the Wheel-side trans 
mission timing determining device may include a secondary 
signal transmitting portion that appends a secondary signal 
indicative of the determined Wheel-side transmission timing 
to a main signal to be transmitted from the body-side 
communication device at the body-side transmission timing 
and then transmits that secondary signal together With the 
main signal to the Wheel-side communication device. 

[0040] As a result, the Wheel-side transmission timing 
need not be determined on the Wheel side, Which enables the 
signal processing load on the Wheel side to be easily 
reduced. 

[0041] Also in the ?rst aspect of the invention, the rota 
tional position detecting device may include i) a rotating 
body that rotates together With the Wheel having a plurality 
of target detection positions lined up at equidistant intervals 
along the circumference of a circle, and ii) a detecting object 
that is provided at a ?Xed position on the vehicle body and 
individually detects the passing of the each one of the 
plurality of target detection positions. 

[0042] This structure enables the rotational position of the 
tire/Wheel assembly to be detected more precisely. Further, 
the detecting object may be a Wheel speed sensor that detects 
an angular velocity of the Wheel as the Wheel speed. 

[0043] According to this structure, it is possible to use the 
same Wheel speed sensor to both detect the Wheel speed and 
determine the transmission timing for at least one of the 
body-side communication device and the Wheel-side com 
munication device, thus making it is easy to reduce both the 
number of overall parts in the vehicle as Well as equipment 
costs compared to When tWo separate sensors are used. 

[0044] Further, the Wheel-side communication device may 
transmit a tire state amount to the body-side communication 
device. The tire state amount may be, for eXample, the air 
pressure of the tire, force (such as longitudinal force, lateral 
force, vertical force) acting on the tire betWeen the tire and 
the road surface, the deformation amount of the tire, the 
temperature of the tire, or the like. 

[0045] Also in this aspect of the invention, the signal to be 
transmitted from the body-side communication device to the 
Wheel-side communication device may include a request 
signal that requests that a signal indicative of information 
relating to the Wheel be transmitted from the Wheel-side 
communication device to the body-side communication 
device. The information relating to the Wheel may be, for 
eXample, the air pressure of the tire, force (such as longi 
tudinal force, lateral force, vertical force) acting on the tire 
betWeen the tire and the road surface, the deformation 
amount of the tire, the temperature of the time, or the like. 

[0046] Further, the signal to be transmitted from the 
body-side communication device to the Wheel-side commu 
nication device may also include an electric energy signal 
Which generates electric energy to be consumed by the 
Wheel-side communication device. 

[0047] This structure obviates the need to provide a poWer 
supply for operating the Wheel-side communication device 
on the Wheel side. 
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[0048] Also in this aspect of the invention, the rotational 
position detecting device may include an acceleration sensor 
Which i) has directionality, ii) detects an acceleration, iii) is 
mounted to the Wheel at a ?xed position away from a 
rotational axis of the Wheel, iv) Which rotates together With 
the Wheel around the rotational axis thereof. In addition, the 
electric energy signal is in itself (for example, its very 
physical existence, such as the actual electromagnetic 
waves) meaningful to the Wheel-side communication device. 
In contrast, the request signal does not in itself mean 
anything to the Wheel-side cornrnunication; rather, it is the 
information (content) indicated by that request signal that is 
meaningful to the Wheel-side communication device. 

[0049] The communication system of the ?rst aspect of the 
invention may also be provided With a rotation state arnount 
sensor mounted on the tire/Wheel assembly and Which 
detects the rotation state amount, and the Wheel-side corn 
rnunication device may transmit the signal to the body-side 
communication device at a transmission timing in accor 
dance With the rotational position of the tire/Wheel assernbly, 
based on the rotation state amount of the tire/Wheel assem 
bly. The rotation state amount is typically the rotational 
position, but this rotational position may also be either 
replaced by, or used together With, the rotational position, 
the rotational acceleration and the like. 

[0050] The communication system in this aspect can 
inhibit deterioration of the communication state due to a 
change in the relative position betWeen a Wheel-side corn 
rnunication device that rotates together With a Wheel, and a 
body-side communication device. 

[0051] Further, in this aspect, a sensor Which the Wheel 
side communication device use to determine an actual 
transrnission tirning may be mounted on the tire/Wheel 
assernbly side. This structure can enhance an independency 
of the Wheel-side communication device, in the other hand, 
it decreases the dependency of the Wheel-side communica 
tion on the vehicle body, compared with a structure in Which 
at least one portion of the sensor is mounted on the vehicle 
body. 

[0052] The communication system in this aspect rnay 
transmit a signal at a communication timing in accordance 
With the rotational position of the tire/Wheel assernbly, 
Without Waiting for a request signal from the body-side 
communication device. The communication system can 
transmit a signal at a communication timing in accordance 
With the rotational position, after the Wheel-side communi 
cation device receive the request signal transrnitted from the 
body-side communication device. 

[0053] The direction of the acceleration acting on the 
acceleration sensor, Which rotates together With the Wheel 
around the rotational axis thereof changes in accordance 
With the rotation of the Wheel. For example, When the 
acceleration acting on the acceleration sensor is gravitational 
acceleration, in a ?xed global coordinate system in absolute 
space the direction in Which gravitational acceleration acts 
does not change, regardless of rotation of the Wheel. On the 
other hand, in a ?xed local coordinate system in the sensor, 
the direction in Which gravitational acceleration acts 
changes as the Wheel rotates. In other Words, a ?xed relative 
relationship exists betWeen the direction in Which gravita 
tion acceleration acts and the rotational position of the 
Wheel. 
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[0054] For example, if the acceleration sensor is given 
directionality in the direction of the acceleration able to be 
detected by the sensor, When the acceleration acting on the 
acceleration sensor is gravitational acceleration, the accel 
eration detected by the sensor (i.e., the component accel 
eration) changes as the Wheel rotates. 

[0055] Therefore, the rotational position detecting device 
may include an acceleration sensor Which i) has direction 
ality, ii) detects acceleration, iii) is mounted to the Wheel at 
a ?xed position away from a rotational axis of the Wheel, iv) 
rotates together With the Wheel around the rotational axis 
thereof. 

[0056] Further, the ?xed position of the acceleration sen 
sor may be a position from Which the acceleration sensor 
detects the acceleration in a direction perpendicular to a 
direction in Which centrifugal acceleration is generated in 
the acceleration sensor as the Wheel rotates. 

[0057] When the system is provided With the acceleration 
sensor, the acceleration sensor, Which has directionality and 
is supposed to detect the gravitational acceleration acting 
upon it, ends up also detecting centrifugal acceleration 
generated as the Wheel rotates, depending on the direction 
that the acceleration sensor is facing When it is mounted to 
the Wheel. 

[0058] Centrifugal acceleration acting on the acceleration 
sensor, hoWever, alWays acts in the radially outWard direc 
tion. By simply mounting the acceleration sensor, Which is 
mounted in a ?xed position to the Wheel, in a position so that 
it is alWays perpendicular to the direction in Which centrifu 
gal acceleration acts, centrifugal acceleration is not detected 
by the acceleration sensor. 

[0059] That is, the ?xed position of the acceleration sensor 
may be a position from Which the acceleration sensor detects 
the acceleration in a direction perpendicular to a direction in 
Which centrifugal acceleration is generated in the accelera 
tion sensor as the Wheel rotates. 

[0060] Accordingly, the acceleration sensor can select the 
kind of acceleration to be detected, such as detect gravita 
tional acceleration but not detect centrifugal acceleration. In 
this case, the acceleration sensor detects the rotational 
position of the Wheel based on a change in the direction in 
Which the gravitational acceleration acts on the acceleration 
sensor, Which occurs as the rotational position of the Wheel 
changes. 

[0061] The rotation state arnount sensor is mounted in a 
?xed position on the Wheel and detects the rotational posi 
tion of the Wheel by receiving electromagnetic waves ernit 
ted from the vehicle body side. With system, it is possible to 
detect the rotational position of the Wheel using electromag 
netic Waves (e.g. direct light, re?ected light, laser Waves, 
ultrasonic Waves, magnetic force, electrornagnetic force) 
emitted from the vehicle body side. 

[0062] Further, the timing according to the rotational 
position of the Wheel can be set in advance based on the 
relationship betWeen i) the relative positional relationship 
betWeen the Wheel-side communication device and the 
body-side cornrnunication deice (associable With the rota 
tional position of the Wheel, for example) and ii)the quality 
of signal reception of a signal transrnitted betWeen the 
Wheel-side communication device and the body-side corn 


















